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KLJK DFFLGHQW UDWH DW FRQVWUXFWLRQ VLWHV E /RZ TXDOLW\ RI ZRUN F SURMHFW PDQDJHPHQW DW FRQVWUXFWLRQ VLWHV LV
GLIILFXOWGORZODERUHIILFLHQF\HVNLOOHGZRUNHUVKDYHEHHQORVW

6LQFHWKHHQGRIODVWFHQWXU\LQWKH8QLWHG6WDWHDQG-DSDQDXWRPDWLRQWHFKQRORJ\LQYDU\LQJGHJUHHVKDVEHHQ
DSSOLHG LQ WKH FRQVWUXFWLRQ LQGXVWU\ WR VROYH SUREOHPV VXFK DV SURGXFWLYLW\ TXDOLW\ VDIHW\ KLJK FRVW DQG WKH
VKRUWDJH RI VNLOOHG ODERU >@ 6WXG\ RI DXWRPDWLF FRQVWUXFWLRQ LV YHU\ DFWLYH LQ -DSDQHVH FRQVWUXFWLRQ LQGXVWU\
VHHNLQJVROXWLRQVRIWKHVKRUWDJHRIVNLOOIXOZRUNHUV0DQ\ODUJH-DSDQHVHFRQVWUXFWLRQFRPSDQLHVKDYHWKHLURZQ5
	 ' FHQWHU DQG VWXG\ QHZ FRQVWUXFWLRQ WHFKQRORJLHV E\ VRSKLVWLFDWHG HTXLSPHQW DQG D ODUJH QXPEHU RI VWDII
7DNLQJ .DMLPD &RQVWUXFWLRQ &RPSDQ\ IRU H[DPSOH WKH FRPSDQ\ VSHQGV PRUH WKDQ  PLOOLRQ DQQXDOO\ RQ
FRQVWUXFWLRQWHFKQLTXHVDQGDODUJHSDUWRIWKHLQYHVWPHQWLVXVHGIRUDXWRPDWLFFRQVWUXFWLRQOLNHWKHURERWV\VWHP
>@+RZHYHU WKHURERWV\VWHPFDQQRWGHWHFWDQGVROYHSUREOHPV LQGHSHQGHQWO\ LQUHDOWLPHRSHUDWLRQ OHDGLQJ WR
VLQJOHWDVNURERWVZKLFKDUHOLPLWHGWRDVPDOOFRQVWUXFWLRQDUHD,QDGGLWLRQPRVWRIWKHDXWRPDWLRQV\VWHPUHTXLUHV
PDQ\SUHIDEULFDWHGSDUWVZKLFKPHDQVDGGLWLRQDOLQYHQWRU\WUDQVSRUWDWLRQDQGPDFKLQHU\FRVW,WZLOOEHH[SHQVLYH
IRU XVLQJ WUDGLWLRQDO DXWRPDWLRQ WHFKQRORJ\ WR HVWDEOLVK D IXOO\ PDWXUH DXWRPDWLRQ V\VWHP ZKLFK FDQ VROYH WKH
SUREOHPVRIWKHFRQVWUXFWLRQLQGXVWU\>@

6ORZ GHYHORSPHQW RI DXWRPDWLRQ WHFKQRORJ\ LQ FRQVWUXFWLRQ KDV EHHQ GXH WR WKH IROORZLQJ UHDVRQV >@ D
DXWRPDWLRQWHFKQRORJ\LVQRWVXLWDEOHIRUODUJHVFDOHFRQVWUXFWLRQSURGXFWVEDXWRPDWLRQWHFKQRORJ\LVQRWVXLWDEOH
IRUFRQYHQWLRQDOGHVLJQDSSURDFKFFRPSDUHGZLWKRWKHULQGXVWULHVWKHDPRXQWRIWKHILQDORXWSXWLVUDWKHUOHVVDQG
WKH W\SHV DUHTXLWH IHZHUG WKH OLPLWDWLRQRQPDWHULDOV VHOHFWLRQ H H[SHQVLYH DXWRPDWLRQ HTXLSPHQWPDNHV WKH
DXWRPDWLRQWHFKQRORJ\XQDWWUDFWLYHIWKHLQWURGXFWLRQRIDXWRPDWLRQWHFKQRORJ\PDNHDQLPSDFWWRWKHWUDGLWLRQDO
SURMHFWPDQDJHPHQW

&RQVWUXFWLRQLQGXVWU\QHHGVWRVHHNQHZDXWRPDWLFFRQVWUXFWLRQSURFHVVWRUHSODFHWUDGLWLRQDOPDQXIDFWXULQJDQG
DVVHPEO\ SURFHVV EHFDXVH WKH FXUUHQWO\ DYDLODEOH DXWRPDWLRQ WHFKQRORJLHV DQG HQJLQHHULQJ WHFKQRORJLHV DUH QRW
HQRXJKWRRYHUFRPHWKHVHREVWDFOHVHIIHFWLYHO\DQGHFRQRPLFDOO\>@7RGD\DNLQGRIQHZDXWRPDWLFSURFHVVFDOOHG
DV$0KDVWKHSRWHQWLDORIDSSOLFDWLRQLQWKHSURGXFWLRQRIODUJHVWUXFWXUHV7KLVSURFHVVDGRSWVWKHPHWKRGRIWKH
ZKROHEXLOGLQJ FROODERUDWLYHPROGLQJ LQVWHDGRI WKH WUDGLWLRQDO DUFKLWHFWXUDO IRUPVRIJLUGHU VODEDQG FROXPQ ,Q
UHFHQW\HDUV$0KDVEHHQDSSOLHGLQDXWRPRELOHGHVLJQDHURVSDFHDQGPHGLFDOLQGXVWULHVHWF>@+RZHYHUPRVW
H[LVWLQJ$0SURFHVVHVDUHRQO\VXLWDEOHIRUVPDOODQGPHGLXPVFDOHPDQXIDFWXULQJSDUWVEHFDXVHWKH\DUHXQDEOHWR
GHOLYHU\PDQ\NLQGVRIEXLOGLQJPDWHULDOVDQGWKHLUPDWHULDOGHSRVLWLRQHIILFLHQF\LVYHU\ORZ>@

7KLV SDSHU GLVFXVVHV VRPH DXWRPDWLF FRQVWUXFWLRQ SURFHVVHV FDSDEOH RI PDQXIDFWXULQJ ODUJH EXLOGLQJ
FRPSRQHQWV%\DQDO\]LQJWKHSURFHGXUHRIWKHVHODUJHVFDOH$0WHFKQLTXHVDQHZDXWRPDWHGFRQVWUXFWLRQV\VWHP
FDOOHG%,0$&KDVEHHQGHYHORSHG7KHSDSHUWKHQGHVFULEHVWKHGHWDLOVRI%,0$&LQFOXGLQJH[HFXWLRQVHWXSGDWD
LVVXHVILOOLQJOD\HUDOJRULWKPDQGUHVXOW
$GGLWLYHPDQXIDFWXULQJLQFRQVWUXFWLRQ
/LP LQWURGXFHG FXUUHQW FRQVWUXFWLRQ VFDOH$0SURFHVVHV FDSDEOH RIPDQXIDFWXULQJ ODUJH FRPSRQHQWV LQ 
>@ ,Q WKH V 3HJQD GHYHORSHG DQ $0 SURFHVV XVLQJ FHPHQW EDVHGPDWHULDOV >@ 7KH SURFHVVHV WKDW DUH
FXUUHQWO\ SURSRVHG DQG KDYH DOUHDG\ DFKLHYHG WKH IXQFWLRQ RI DUFKLWHFWXUH SULQWLQJ PDLQO\ LQFOXGH WKH &RQWRXU
&UDIWLQJ&&SURFHVVIRUP8QLYHUVLW\RI6RXWKHUQ&DOLIRUQLD>@'VKDSHSURFHVV>@IRUPWKH%ULWLVK0RQROLWH
FRPSDQ\DQG&RQFUHWH3ULQWLQJSURFHVVIURP/RXJKERURXJK8QLYHUVLW\>@

.KRVKQHYLVKDVOHGDWHDPIRUORQJWHUPVWXG\RIWKH&&SURFHVVDQGKDVVXJJHVWWKDWLWFDQEHDSSOLHGWRWKH
DXWRPDWLFFRQVWUXFWLRQRIEXLOGLQJZRUNV>@7KH&&SURFHVVLVDNLQGRI$0XVLQJDWURZHOWRDFKLHYHDSUHFLVH
DQG VPRRWK VXUIDFH RI WKH SULQWHG RXWSXW:LWK WKH && SURFHVV LW LV SRVVLEOH WR DXWRPDWLFDOO\ EXLOG ODUJH VFDOH
DUFKLWHFWXUH FRPSRQHQWV HYHQ WKHZKROHEXLOGLQJ7KH FHPHQWPRUWDU SULQWLQJPDFKLQHRI WKH&&SURFHVV KDV D
QR]]OHRIPPLQGLDPHWHUDQGFDQSULQWDZDOORIYHUWLFDOOD\HUVRIPPLQZLGWKDQGPPLQKHLJKWZLWK
SDGGLQJPDWHULDOVLQVLGHWKHZDOOWRSULQWWKHHQGSURGXFWZLWKVL]H!PGLPHQVLRQ>@
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0RQROLWH&RPSDQ\VXFFHVVIXOO\GHYHORSHGDODUJHVL]HLQRUJDQLFPDWHULDOSULQWLQJSURFHVVFDOOHG'VKDSH7KLV
SURFHVVDGRSWVDGHSRVLWLRQSURFHVVRIVDQGDQGSRZGHUZKLFKLVVHOHFWLYHO\KDUGHQHGXVLQJDELQGHU(DFKOD\HURI
EXLOGPDWHULDOLVODLGWRWKHGHVLUHGWKLFNQHVVJHQHUDOO\aPPVOLJKWO\FRPSDFWHGDQGWKHQWKHQR]]OHVWKHUHDUH
DERXW QR]]OHV LQ D SULQWLQJ V\VWHP DQG WKH GLDPHWHU RI D QR]]OH LV DURXQGPPPRXQWHGRQ D JDQWU\
IUDPHGHSRVLWWKHELQGHUZKHUHWKHSDUWLVWREHVROLG2QFHDSDUWLVFRPSOHWHLWLVWKHQGXJRXWRIWKHORRVHH[FHVV
SRZGHU EHG WKDW VKRXOG EH UHPRYHG DZD\ HYHQWXDOO\ WR ILQLVK WKH SULQWLQJZRUN 7KLV SURFHVV KDV EHHQ XVHG WR
FUHDWHPKLJKDUFKLWHFWXUDOSLHFHVFDOOHG5DGLRODULD>@

/LPSXWIRUZDUGDQRWKHUODUJHVFDOH$0SURFHVVFDOOHG&RQFUHWH3ULQWLQJIXUWKHUSURPRWLQJWKHGHYHORSPHQWRI
DXWRPDWLF FRQVWUXFWLRQ RI EXLOGLQJZRUNV&RQFUHWH 3ULQWLQJ SURFHVV LV EDVHG RQ WKH H[WUXVLRQ RI FHPHQWPRUWDU
QR]]OH GLDPHWHU RI DERXW  a PP DQG WKH VROLGLILFDWLRQ RI PDWHULDOV WKHPVHOYHV DQG WKLV SURFHVV KDV EHHQ
GHYHORSHGWRUHWDLQWKUHHGLPHQVLRQDOIUHHGRPDQGKDVDVPDOOHUUHVROXWLRQRIGHSRVLWLRQDURXQGaPPIRUHDFK
OD\HURIWKHSLHFHLWFORXGSULQWLQJVL]H!PGLPHQVLRQ>@

7KHEDVLFSURFHGXUHRI WKRVH$0WHFKQRORJLHV)LJ LV³OD\HUHGPDQXIDFWXULQJDQGRYHUOD\ OD\HUE\ OD\HU´
$0GHFRPSRVHV D WKUHHGLPHQVLRQDOPRGHO LQWR ODPHOODU ILOHVRI D FHUWDLQ WKLFNQHVV LQ D FHUWDLQGLUHFWLRQRI WKH
PRGHO XVXDOO\= GLUHFWLRQ WUDQVIRUPV WKH WKUHHGLPHQVLRQDOPRGHO LQWR VHYHUDO DSSUR[LPDWHO\ WZRGLPHQVLRQDO
SURILOH WKHQ DPHQGV WKH ODPHOODU ILOHV DQG JHQHUDWHV1& SURJUDPV DQG ILQDOO\ LPSRUWV WKH1& SURJUDPV WR WKH
&RPSXWHU1XPHULFDO&RQWURO&1&V\VWHPVRWKDWWKH&1&V\VWHPFRQWUROVWKHPDWHULDOUHJXODUO\DQGDFFXUDWHO\
VWDFNLQJXSWRDFKLHYHDXWRPDWLFFRQVWUXFWLRQ

'PRGHO 6OLFH 'HDOZLWKOD\HULQIRUPDWLRQ
0DQXIDFWXULQJDQG
FRQQHFWOD\HU
&RPSOHWLRQRI
WKHPDQXIDFWXUH 3RVWSURFHVVLQJ
<1

)LJ7KHEDVLFSURFHGXUHRI$0
&XUUHQWVWDWHRI%,0$&UHVHDUFK
3.1. Composition of BIMAC 
7KH %,0$& LQFOXGHV WZR FRUH SDUWV 1& SURJUDP JHQHUDWLQJ V\VWHP DQG 1& SURJUDP H[HFXWLRQ VHWXS
$FFRUGLQJ WR WKH ILOOLQJ OD\HU DOJRULWKP1&SURJUDPJHQHUDWLQJ V\VWHPFRXOGFRQYHUWV WKH%XLOGLQJ ,QIRUPDWLRQ
0RGHOLQJ%,0PRGHOOD\HUGDWDVOLFHGE\PDQXDORSHUDWLRQVWRVSHFLILF&1&FRGHV$QGWKRVHFRGHVGULYH1&
SURJUDPH[HFXWLRQVHWXSWRDXWRPDWHPDQXIDFWXUHEXLOGLQJFRPSRQHQWVZKLFKDUHWKHVDPHVL]HDVWKH%,0PRGHOV
)LJ

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1&1XPHULFDO&RQWUROSURJUDPJHQHUDWLQJV\VWHP
1&SURJUDPH[HFXWLRQVHWXS
Import BIM model Extract parameters like shape ,material,etc.
Import NC program 
execution device parameters
Generate NC 
program
NC control cabinet
Pumping Nozzle switch  mechanical arm
Feed materials
machine building 
components
Control

)LJ&RPSRVLWLRQGLDJUDPRI%,0$&
3.2. Execution setup  
7KH1&SURJUDPH[HFXWLRQVHWXSFRQVLVWVRID1&RSHUDWLRQFDELQHWDVFUHZSXPSZLWKDKRSSHUDQHOHFWURQLF
QR]]OHFRQQHFWHGWRWKHKRSSHUE\WKHKRVHDQGDPHFKDQLFDODUPRI;<=D[HV)LJ7KHVFUHZSXPSSXPSVXS
DQGFRQYH\VPDWHULDOOLNHFHPHQWPRUWDUPL[WXUHWKDWKDVEHHQPRGXODWHGSUHYLRXVO\WKHYHUWLFDOQR]]OHH[WUXGHV
WKHFHPHQWPRUWDUDQGGHSRVLWVLWRQDIODWZRUNWDEOHLQFRQWUROODEOHDPRXQWV7KHQR]]OHRQWKHPHFKDQLFDODUPLV
FDSDEOHRIOLQHDUPRWLRQDQGFXUYLOLQHDUPRWLRQDORQJ;<D[HV$VWKHFHPHQWPRUWDUH[LWVWKHH[WUXVLRQQR]]OHWKH
PDFKLQHPRYHVWKHQR]]OHDVVHPEO\LQ;<=D[HVDWSUHVSHFLILHGVSHHGDFFXPXODWLQJWKHFHPHQWPRUWDUOD\HUE\
OD\HUDQGWKHVZLWFKHVRIWKHVFUHZSXPSDQGWKHQR]]OHXOWLPDWHO\PDWHULDOL]HGDGHVLUHG%,0EXLOGLQJPRGHO,W
FRXOGSULQWLQJFRPSRQHQWVZKLFKVL]HPGLPHQVLRQ


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screw pump NC operation 
cabinet
electronic 
nozzle
 mechanical arm 
of XYZ axes

)LJ1&SURJUDPH[HFXWLRQVHWXSRIWKH%,0$&
7KHUHODWHGSDUDPHWHUVRIVRPHPDFKLQHVDQGGHYLFHVRIWKH1&H[HFXWLRQVHWXSDUHOLVWHGDVWKHIROORZLQJ

• 7KHGULYLQJPRWRURIPDFKLQHWRROLV*6.6-71PRIWRUVLRQDQGN:RISRZHU0RYHPHQWRIWKH
PDFKLQHDUPLVDURXQGPPPRIDEVROXWHSRVLWLRQLQJDFFXUDF\PPRIUHSHDWSRVLWLRQLQJDFFXUDF\
PPPRISDUDOOHOLVPDQGVWUDLJKWQHVVDQGaPPLQRIPRYLQJYHORFLW\
• 7KHPRWRUSRZHURIVFUHZSXPSZLWKVSHHGFRQWUROGHYLFHRIYDULDEOHIUHTXHQF\LV.:DQGWKHIORZRI
VFUHZSXPSFDQEHFRQWUROOHGZLWKLQDUDQJHRIa/PLQ7KHGHSRVLWV\VWHPVXSSRUWVXQLIRUPH[WUXVLRQXS
WRPPGLDPHWHUSDUWLFOHVRIFHPHQWPRUWDURURWKHUVLPLODUPDWHULDO
• 7KHVZLWFKRIWKHQR]]OHFDQEHHOHFWULFDOO\FRQWUROOHG&XUUHQWO\ZHXVHDQXPEHURIIL[HGGLPHQVLRQVDQGDGMXVW
WKHVL]HRIWKHQR]]OHPDQXDOO\DQGWKHGLDPHWHURIWKHVTXDUHRUURXQGVKDSHQR]]OHFDQEHPPPPRU
PP
• 7KHH[WHUQDOSRUWRIFRPPXQLFDWLRQLQRUGHUWREHLQWHJUDWHGLQWRWKH1&RSHUDWLRQFDELQHW
3.3. Data issues 
7RFUHDWHDQREMHFWWKDWLVWKHVDPHDVWKHGHVLJQPRGHOWKHVSHFLILFPDFKLQHQHHGVWREHGULYHGDFFRUGLQJWRWKH
&1&FRGHJHQHUDWHGIURPGHVLJQPRGHO7KLVSURFHVVLVGHVFULEHGLQWKHIROORZLQJVWHSV>@
• 6WHS7KHPRGHOGDWDGHVLJQHGE\&$'VRIWZDUHLVWUDQVIRUPHGLQWRWKH67HUHR/LWKRJUDSK\67/ILOHZKLFK
LVDOLVWRIWKHFRRUGLQDWHVRIDVHULHVRIWULDQJXODUIDFHWVZKRVHHGJHVDOOWRXFKSHUIHFWO\WRIRUPDUHSUHVHQWDWLRQ
RIWKHVXUIDFHRIWKHPRGHO
• 6WHS7RFUHDWHWKH'OD\HUVIURPWKH'PRGHO(DFKOD\HUFRQWDLQOLVWVRIOLQHVRUSRO\OLQHV
• 6WHS7KHVHOD\HUVZLWKWKHPDFKLQHVSHFLILFSDUDPHWHUVDUHWKHQWUDQVODWHGLQWRWKHPDFKLQHWRROSDWKVLQ&1&
FRGHV&1&FRGHVDUHFRPPRQO\FDOOHG*FRGHVDQGGHILQHWKHVSHHGWUDMHFWRU\RIPRWLRQWKHWRROSDWKDQG
WKHVHOHFWLRQRIWKHVSHFLILFWRROLQUHODWLRQWRWKHPDFKLQHG
• 6WHS7KHVHWXSFDQEHUXQRQ*FRGHWRPDFKLQHDEXLOGLQJFRPSRQHQW
7KH OHIW SLFWXUH LQ )LJ  GHSLFWV KRZ WKHPRGHO LQIRUPDWLRQ LV SURFHVVHG WR SURGXFH D SK\VLFDO REMHFW 7KH
PRGHOHU PXVW DOVR EH D PDQLIROG PRGHOHU >@ HQVXULQJ WKDW WKH PRGHO FDQ EH XQDPELJXRXVO\ VOLFHG VWDQGDUG
IXQFWLRQVFDQEHXVHGWRJHQHUDWHD67/ILOH>@

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+RZHYHU WKH67/ILOHFDQRQO\GHVFULEHWKH'JHRPHWU\LQIRUPDWLRQRIWKHREMHFWDQGGRHVQRWGHVFULEHWKH
LQIRUPDWLRQVXFKDVPDWHULDOFRORUHWF,WFDQQRWVXSSRUWWRSURGXFHDEXLOGLQJFRPSRQHQWXVLQJGLIIHUHQWPDWHULDOV
6RZHFKDQJHGWKHSURFHVVOLNHWKHULJKWSLFWXUHLQ)LJ7KH'VROLGPRGHOLQ,QGXVWU\)RXQGDWLRQ&ODVVHV,)&
IRUPDW LV GHVLJQHG E\ %,0 VRIWZDUH OLNH 5HYLW DQG VOLFHG E\PDQXDO RSHUDWLRQV 7KH QHZ SURFHVV REWDLQ HDFK
OD\HU¶VLQIRUPDWLRQRIFRQWRXUPDWHULDOFRORUDQGVRRQ,QDGGLWLRQWKHQHZSURFHVVQHHGVFRQWUROSDUDPHWHUGDWD
RIWKHDXWRPDWLFFRQVWUXFWLRQPHFKDQLVPLQFOXGLQJOD\HUWKLFNQHVV1R]]OHGLDPHWHUPHFKDQLFDODUPVSHHGDQG;
< = FRRUGLQDWHV RI LQLWLDO VWDUWLQJ SRLQW $FFRUGLQJ WR WKH DERYH LQIRUPDWLRQ SULQWLQJ IRUP ZLOO EH ULFKHU )RU
H[DPSOH WKH 1& SURJUDP H[HFXWLRQ VHWXS KDV PHFKDQLFDO DUPV ELQGLQJ D QR]]OH UHVSHFWLYHO\ DQG HDFK QR]]OH
SXPSGLIIHUHQWFRORUVRIGLIIHUHQWPDWHULDOV%\DQDO\]LQJWKHPDWHULDODQGFRORULQIRUPDWLRQRIWKH,)&PRGHOWRRO
SDWKVRIGLIIHUHQWQR]]OHFDQEHSODQQHGVRDVWRUHDOL]HSULQWLQJDEXLOGLQJFRPSRQHQWZKLFKLVFRPSRVHGRIPDQ\
FRQVWUXFWLRQPDWHULDOV
D
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
)LJ6WHSVLQSURGXFLQJDQDUWHIDFWDXVLQJWUDGLWLRQDO$0SURFHVVHVEXVLQJDQHZ$0SURFHVVEDVHGRQ%,0
Filling layer algorithm and result
)RFXVLQJRQHDFKOD\HUVOLFHG$VVXPLQJOD\HU WKLFNQHVVLVH WKLVV\VWHPDOWHUVFDQOLQHDOJRULWKPWRVXSSRUW
WKHJHQHUDWLRQRI&1&FRGHZKLFKFDQFRQWUROWKHPRYHRIPHFKDQLFDODUPWKHVZLWFKRISXPSDQGWKHVZLWFKRI
QR]]OH 5XOHV IRU GHWHUPLQLQJ WKH VFDQOLQHV RI WZR ILOOLQJ OD\HU DOJRULWKPV ,Q WKH RGG OD\HUV VFDQOLQHV DUH LQ
SDUDOOHOZLWKWKH;D[LVLQWKHHYHQOD\HUVVFDQOLQHVDUHLQSDUDOOHOZLWKWKH<D[LV

)LOOLQJOD\HUDOJRULWKP$,WLVPDLQO\XVHGIRUUHFWDQJOHVKDSHVEODFNOLQHVDUHIUDPHOLQHVRIVKDSHDQGUHGDUH
VFDQOLQHV)LJD
• 5XOHV3ULQW/D\HUNN  ««
)LUVWWKHQR]]OHVKRXOGEHPRYHGWRWKHVWDUWLQJSRLQWZKLFKLVQHDUHVWWRWKHRULJLQRIDFRRUGLQDWHD[LVRQWKH
VFDQOLQHV7KHQWKHQR]]OH LVRSHQHGDQGPRYHGDORQJWKH6VKDSHGVFDQOLQHVSDUDOOHO WR[D[LV WRWKHHQGSRLQW
Xe1Ye1Ze1/DVWO\WKHQR]]OHVKRXOGEHFORVHG
• 5XOHV3ULQW/D\HUN
$IWHU ILQLVKLQJ /D\HUN WKH QR]]OH LV UDLVHG D FHUWDLQ KHLJKWH JHWV WR WKH SRLQW Xe1Ye1Ze1+H 7KHQ WKH
QR]]OHLVRSHQHGDQGPRYHGDORQJWKH6VKDSHGVFDQOLQHVSDUDOOHOWR\D[LV/DVWO\WKHQR]]OHVKRXOGEHFORVHG
• 5XOHV$FFRUGLQJWRWKHUXOHVDERYHWKHQR]]OHSULQWVHYHU\OD\HUXQWLOWKHODVWOD\HULVSULQWHG
)LOOLQJOD\HUDOJRULWKP%,WFDQEHXVHGIRUFRPSOH[SODQDUVKDSHVEODFNOLQHVDUHIUDPHOLQHVRIVKDSHUHGRQHV
DUHVFDQOLQHVEOXHRQHVDUHFRQWRXUOLQHVWKHVROLGPHDQVWKHQR]]OHLVRSHQHGDQGWKHGRWWHGPHDQVWKHQR]]OHLV
FORVHG)LJE
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• 5XOHV3ULQW/D\HUNN ««
&RQWRXUSULQWLQJ)LUVW WKHQR]]OH VKRXOGEHPRYHG WR WKH VWDUWLQJSRLQW Xs2Ys2Zs2ZKLFK LV QHDUHVW WR WKH
RULJLQRIDFRRUGLQDWHD[LVRQDVHWRIFRQWRXUOLQHV7KHQWKHQR]]OHLVRSHQHGDQGPRYHGDORQJWKHVHWRIFRQWRXU
OLQHWRWKHHQGSRLQW$QGWKHQWKHQR]]OHVKRXOGEHFORVHGDQGPRYHGWRWKHQHDUHVWSRLQWRIWKHXQSULQWHGVHWRI
FRQWRXUOLQHVFRQWLQXHWKHVWHSVDERYHXQWLODOOVHWVRIFRQWRXUOLQHVLVILQLVKHGWKHQWKHQR]]OHLVFORVHG
,QWHUQDO ILOOLQJ$IWHU ILQLVKLQJDOO WKHFRQWRXU OLQHV WKHQR]]OHVKRXOGEHPRYHG WR WKHVWDUWLQJSRLQWZKLFK LV
QHDUHVWWRWKHRULJLQRIDFRRUGLQDWHD[LVRQWKHVFDQOLQHV7KHQWKHQR]]OHVKRXOGEHRSHQHGDQGPRYHGDORQJWKH
6VKDSHGVFDQOLQHVZKLFKEHWZHHQWKHRXWHUPRVWFRQWRXUOLQHVSDUDOOHOWR[D[LVWRWKHHQGSRLQW:KHQWKHQR]]OH
PRYHWRWKHH[WHUQDOLWVKRXOGEHFORVHGDQGZKHQWKHQR]]OHEDFNLQVLGHLWVKRXOGEHRSHQHG/DVWO\WKHQR]]OH
VKRXOGEHFORVHG
• 5XOHV3ULQW/D\HUN
7KHVWDUWLQJSRLQWRIFRQWRXUSULQWLQJLVWKHSRLQWXs2Ys2Zs2+HDQGVFDQOLQHVSDUDOOHOWR\D[LVRWKHUUXOHV
DUHWKHVDPHDV5XOHV
• 5XOHV$FFRUGLQJWRWKHUXOHVDERYHWKHQR]]OHSULQWVHYHU\OD\HUVXQWLOWKHODVWOD\HULVSULQWHG
D   
E   
)LJ3ULQWLQJSDWKDQGUHVXOWD)LOOLQJOD\HUDOJRULWKP$E)LOOLQJOD\HUDOJRULWKP%
)XUWKHUUHVHDUFK
4.1. New building materials or alternative materials 
7KH ELJJHVW SUREOHP IRU DXWRPDWLF FRQVWUXFWLRQ WHFKQRORJ\ WR IDFHZLWK LV WKHPDWHULDO SUREOHP7RPHHW WKH
UHTXLUHPHQWVRIDXWRPDWLFFRQVWUXFWLRQQHZPDWHULDOVPXVWKDYHEHWWHUUKHRORJ\DQGFDQTXLFNO\FRQGHQVHLQWKH
DLUDQGDOVRQHHGWRDGGUHVVWKHSUREOHPKRZWRPDNHSHUIHFWFRPELQDWLRQEHWZHHQWKHOD\HUV
4.2. Accuracy issue 
7KHUHDUHPDQ\IDFWRUVDIIHFWLQJWKHDFFXUDF\RIDXWRPDWLFFRQVWUXFWLRQPDLQO\LQFOXGLQJQR]]OHVL]HPDWHULDO
VKULQNDJHKLHUDUFKLFDOSURFHVVLQJRIPRGHOORFDWLRQSUHFLVLRQRI'SULQWHUVHWF:KHUHLQWKHVL]HRIWKHQR]]OHLV
RQHRIWKHPRVWLPSRUWDQWSUREOHPVRUUDWKHUWKHVPDOOHUWKHQR]]OHVL]HWKHKLJKHUWKHDFFXUDF\\HWWKHORZHUWKH
FRQVWUXFWLRQVSHHGDW WKHVDPHWLPH7KHUHIRUH LWQHHGV WR WDNHFRPSUHKHQVLYHFRQVLGHUDWLRQRI WKHDFFXUDF\DQG
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VSHHGRIFRQVWUXFWLRQWRVHWSURSHUQR]]OHVL]H,QDGGLWLRQXVLQJWURZHOVOLNHWKH&&SURFHVVWRFKDQJHWKHVXUIDFH
VPRRWKQHVVLVDOVRDJRRGPHWKRGWRLQFUHDVHFRQVWUXFWLRQVSHHG>@
4.3. Algorithm development 
2SWLPL]HGILOOLQJOD\HUDOJRULWKPVDUHFULWLFDOLQWKDWWKHWLPHRIPDFKLQHUXQQLQJFDQVLJQLILFDQWO\EHUHGXFHG
DQGUHODWHWRWKHVWUHQJWKRIWKHSULQWHGFRPSRQHQWV7KLVSDSHUSURYLGHVVRPHVLPSOHILOOLQJOD\HUDOJRULWKPVZKLFK
PD\FDXVHWLPHZDVWHGXHWRPDQ\LQYDOLGSDWKV6RWKHRSWLPL]DWLRQRIWKHILOOLQJOD\HUDOJRULWKPVLVYHU\LPSRUWDQW
)XUWKHUPRUHWKHGHYHORSPHQWRIKLHUDUFKLFDODOJRULWKPRI%,0PRGHOLVDOVRLPSRUWDQWWRUHGXFHPDQXDORSHUDWLRQV
DQGLPSURYHWKHHIILFLHQF\RIDXWRJHQHUDWH1&SURJUDPV
4.4. New giant 3D printer 
,W LV UDWKHUREYLRXV WKDW LI WKHDFWLYH UDQJHRI WKHSULQWHUQR]]OHV LV WREHDEOH WRFRYHU WKHHQWLUHZLGWKRI WKH
RXWSXWVL]HWKHUDQJHLVGHILQLWHO\ODUJHUFLUFOH7KXVWRDFKLHYHDXWRPDWLFFRQVWUXFWLRQRIEXLOGLQJVLWLVERXQGWR
FUHDWHDJLDQW'SULQWHUODUJHUWKDQSULQWHGEXLOGLQJV7DNLQJLQWRDFFRXQWLWVSUDFWLFDELOLW\LWQHHGVWRIRFXVPRUH
RQWKHGHYHORSPHQWVRILWVOLJKWZHLJKWKLJKSUHFLVLRQDQGUHPRYDELOLW\DVPXFKDVSRVVLEOH7KH&&SURFHVVPDGH
VRPHJRRGLGHDVWKDWFDQJXLGHWKHFRPLQJGHYHORSPHQW>@
4.5. Multi-nozzle and multi-material printing processes development 
%,0$&SURYLGHVDJRRGIRXQGDWLRQIRUPXOWLPDWHULDOFROODERUDWLYHSULQWLQJDQGWKHQH[WVWHSLVWRGHVLJQD'
SULQWHU IRU GLIIHUHQW QR]]OHV FRUUHVSRQGLQJ WR GLIIHUHQWPDWHULDOV )RU H[DPSOH XVLQJ FHPHQWPDWHULDOV IRUZDOOV
ZKLOHXVLQJSODVWLFPDWHULDOVIRUGRRUVDQGZLQGRZVIUDPHRUZKHQVRPHQR]]OHVSULQWWKHXSSHUFRPSRQHQWVRWKHU
QR]]OHV H[WUXGH VXSSRUWLQJ PDWHULDOV VXFK DV VDQG WR VXSSRUW IRU WKH XSSHU DQG ILQDOO\ UHPRYH WKH VXSSRUW
PDWHULDOVDIWHUILQLVKLQJSULQWLQJ
&RQFOXVLRQ
,Q WKHUHFHQWGHFDGHDXWRPDWHGFRQVWUXFWLRQSURFHVVHVZKLFKEHFRPHFDSDEOHRIPDQXIDFWXULQJ ODUJHEXLOGLQJ
FRPSRQHQWV KDYH EHHQ UHSRUWHG 7KRVH SURFHVVHV EDVHG RQ $0 LQWHJUDWH PRGHUQ &$'&$0 WHFKQRORJ\ 1&
WHFKQRORJ\SUHFLVLRQVHUYRGULYH WHFKQRORJ\DQGQHZPDWHULDO WHFKQRORJ\7KLVSDSHUIRFXVRQDQHZDXWRPDWHG
FRQVWUXFWLRQV\VWHPFDOOHG%,0$&ZKLFKEDVHRQ$0SURFHVVLQWURGXFLQJ%,0WHFKQRORJ\%,0$&GHVFULEHGLQ
WKLVSDSHUXVHVFRQYHQWLRQDOFRQVWUXFWLRQPDWHULDOVVXFKDVFHPHQWDQGSODVWHUVRPHSULQWHGUHVXOWVDUHVKRZQDQG
VRPHIXUWKHUUHVHDUFKDFFRUGLQJWRWKHOLPLWDWLRQVDQGSUREOHPVDUHVXJJHVWHG3UHOLPLQDU\UHVXOWVDUHSURPLVLQJDQG
VKRZWKDWIOH[LELOLW\DQGSRWHQWLDORIIXUWKHUGHYHORSPHQWRI%,0$&

$FNQRZOHGJHPHQWV
7KHDXWKRUVDUHJUDWHIXOWR3URI*XRZHL/LDQGKLVVWXGHQWVIRUWKHLUVXSSRUWUHJDUGLQJWKHGHYHORSPHQWRIWKH
PDWHULDOV 7KH\ DUH DOVR LQGHEWHG WR <RQJFKHQJ =KDQJ -LH ;X DQG /HL 3HQJ IRU WKHLU LQYROYHPHQW LQ WKH
H[SHULPHQWDOWHVWV
7KHDXWKRUVDUHDOVRYHU\JUDWHIXOWRWKHDQRQ\PRXVDQGSDWLHQWUHYLHZHUVZKRZLWKWKHLUKHOSIXOFRPPHQWVDQG
VXJJHVWLRQVKDYHJUHDWO\WRLPSURYLQJWKHFRQWHQWVRIWKLVSDSHU
5HIHUHQFHV
>@5$%XVZHOO5&6RDU$**LEE77KRUSH7KHSRWHQWLDORIIUHHIRUPFRQVWUXFWLRQSURFHVVHV
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>@$:DUV]DZVNL51DYRQ,PSOHPHQWDWLRQRIURERWLFVLQEXLOGLQJ&XUUHQWVWDWXVDQGIXWXUHSURVSHFWV-RXUQDORI&RQVWUXFWLRQ(QJLQHHULQJ
DQG0DQDJHPHQW
>@-*(YHUHWW+6DLWR&RQVWUXFWLRQDXWRPDWLRQGHPDQGVDQGVDWLVILHUVLQWKH8QLWHG6WDWHVDQG-DSDQ-RXUQDORIFRQVWUXFWLRQ(QJLQHHULQJ
DQG0DQDJHPHQW
>@--6WHLQ$FRPSDULVRQRIWKH-DSDQHVHDQG$PHULFDQ,QWHUQDWLRQDO&RQVWUXFWLRQ,QGXVWULHVSS
>@'+ZDQJ%.KRVKQHYLV&RQFUHWH:DOO)DEULFDWLRQE\&RQWRXU&UDIWLQJVW,QWHUQDWLRQDO6\PSRVLXPRQ$XWRPDWLRQDQG5RERWLFVLQ
&RQVWUXFWLRQ,6$5&-HMX6RXWK.RUHD
>@'+ZDQJ%.KRVKQHYLV$Q,QQRYDWLYH&RQVWUXFWLRQ3URFHVV&RQWRXU&UDIWLQJ&&QG,QWHUQDWLRQDO6\PSRVLXPRQ$XWRPDWLRQDQG
5RERWLFVLQ&RQVWUXFWLRQ,6$5&)HUUDUD,WDO\
>@%.KRVKQHYLV$XWRPDWHGFRQVWUXFWLRQE\&RQWRXU&UDIWLQJüUHODWHGURERWLFVDQGLQIRUPDWLRQWHFKQRORJLHV$XWRPDWLRQ,Q&RQVWUXFWLRQ

>@%.KRVKQHYLV*%HNH\$XWRPDWHG&RQVWUXFWLRQ8VLQJ&RQWRXU&UDIWLQJ$SSOLFDWLRQVRQ(DUWKDQG%H\RQG1,6763(&,$/
38%/,&$7,2163
>@%.KRVKQHYLV+.ZRQ6%XNNDSDWQDP$XWRPDWHG&RQVWUXFWLRQXVLQJ&RQWRXU&UDIWLQJ,,($QQXDO&RQIHUHQFH3URFHHGLQJV+RXVWRQ
7;86$
>@6/LP5$%XVZHOO77/H6$$XVWLQ$*)*LEE77KRUSH'HYHORSPHQWVLQFRQVWUXFWLRQVFDOHDGGLWLYHPDQXIDFWXULQJSURFHVVHV
$XWRPDWLRQ,Q&RQVWUXFWLRQ
>@-3HJQD([SORUDWRU\LQYHVWLJDWLRQRIVROLGIUHHIRUPFRQVWUXFWLRQ$XWRPDWLRQ,Q&RQVWUXFWLRQ
>@%.KRVKQHYLV$XWRPDWHG&RQVWUXFWLRQ8VLQJ7KH&RQWRXU&UDIWLQJ/D\HUHG)DEULFDWLRQ7HFKQLTXHWK,QWHUQDWLRQDO&RQIHUHQFHRQ5DSLG
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